Abstract-A fiber based high sensitive bend sensor is proposed and demonstrated using a uniquely designed partially doped core fiber (PDCF). The fabrication method of PDCF with two core regions, namely an undoped outer region with a diameter of ∼9.5 µm encompassing a doped, inner core region with a diameter of 4.00 µm is explained. The mechanism of bending effect in proposed PDCF and the experimental setup for amplified spontaneous emission (ASE) based sensor and fiber laser based sensor is illustrated. For ASE sensor, the higher ASE power level loss as the spooling radius is reduced from 20 to 3 cm is measured. The gain peak shift to shorter wavelength with respect to the decrease of the spooling radius from 20 to 3 cm due to higher bending loss at smaller bending radius is observed. The results are in agreement with overlap factor variation of PDCF. As expected from ASE peaks variation, the fiber laser sensor spectral operation is changed from 1539 to 1530 nm range. This phenomenon is due to higher mode field diameter of longer wavelength and result of optical filtering at longer wavelengths. The experimental results showed the output of the ASE is also highly stable, with no observable variation in the power output over a measurement period of 1 h. The PDCF is also temperature insensitive.
I. INTRODUCTION
T HE applications of fiber optic sensors (FOS) on forces, pressure, temperature, vibration, frequencies and other acoustic parameters measurement have progressed rapidly in recent years. Optical fiber sensors are used in difficult measurement situations, where conventional sensors are not well suited in a particular environment [1] - [4] . non-electric nature of optical fiber sensors make them suitable for operations in hazardous environments [5] . Compact and lightweight, wide bandwidth, efficient multiplexing on a single fiber network, immunity from electromagnetic interference (EMI), and cost effective are the other advantages of fiber optic sensors [5] .
One of the most popular technological developments in the sensor and optical telecommunications fields is doped fiber sensors. Doped fiber macro bend sensors are relatively few and used to measure parameters such as temperature, deformation, and pressure [6] - [11] . A fiber laser pressure sensor utilizing erbium doped fiber as the amplification medium in a linear cavity resonator was reported earlier in [8] . The fiber laser pressure sensor has characteristics of simple configuration, low threshold power, stable output power, and high signal to noise ratio. Another example of macro bent doped-fiber sensor is the distributed temperature sensor. It employs a distributed erbium doped fiber amplifier (EDFA) and utilizes the temperature dependence of the gain and of the amplified spontaneous emission in an EDFA [9] . In addition, Depressed Cladding Erbium Doped Fiber (DC-EDF) is a special fiber that uses the bending mechanism to obtain optical amplification in S-Band. The application of this fiber as new types of optical sensing systems has been presented by considering the DC-EDF amplification and lasing bend dependence characteristics [10] . For the case of DC-EDF, the peak wavelength of the amplified spontaneous emission (ASE) spectrum shifts as the bending radius decreases [11] . This will allow a simple detection system to be built, where a filter can be inserted to coincide the peak wavelength, which then allows for the measurement of the output power against the bending radius.
Despite the different advantages of the macro bent dopedfiber sensor, there are still some limitations. This includes the low bending radius threshold for sensing make the fiber fragile. Another limitation is the selective sensitivity at a particular bending radius and wavelength. The sensor has high sensitivity for bending radius lower than the threshold radius and low sensitivity for bending radius higher than the threshold, which makes the sensor less effective.
Influence of the Erbium distribution profile (ETD) on the EDFA behavior observed significant gain differences in active fibers. It is found that in PDCF higher overlapping parameter turns out gain enhancement in active fiber [12] - [14] . The mode field distribution for PDCF in comparison with normal doped fiber falls outside the doping area at the bending situation and suffers more due to active bending loss [15] . Temperature insensitive, with only a minor variation is the other factor of proposed fiber [16] .
Recently we present experimentally the ASE bend sensor using a PDCF. Spooling the PDCF decreases the peak power, from an average of −57.0 dBm to −61.8 dBm at spooling diameters of 10 cm to 2 cm. The output of the ASE is also highly stable, with no observable variation in the power output over a measurement period of one hour. The PDCF is also temperature insensitive, with only a minor variation of about ∼0.005 dBm/°C measured, thus reducing the effects of cross-sensitivity [16] .
In this paper we investigate the bending sensitivity of PDCF particularly for sensing applications based on amplifier and laser sensors. The ASE profile of an amplifier using the PDCF, doped with Erbium, is observed to vary with the bending radius. In another setup, a fiber laser employing the PDCF as the active medium also has a lasing wavelength varying with the bending radius. In the first part of the paper, Fabrication and spectroscopic of PDCF is described. The amplifier and fiber laser configurations using the PDCF sensor is presented at next part. The mechanism of macro bending effect on PDCF is also presented. Next, the experimental results of the PDCF amplifier and fiber laser PDCF sensor are demonstrated. It is shown that using ASE based sensor, the ASE power level will change from −38.0 dBm to −61.8 dBm as the spooling radius is reduced from 20 cm to 3 cm is measured. The loss variation of 30 dB for 8 m PDCF length obtained for 1540 nm signal in the range from 4 to 20 cm bending radius is a very good value when compared with the best bending sensor. As expected from amplifier sensor peak variation, the mode lock fiber laser sensor spectral operation is changed from 1539 nm to 1530 nm range. Numerical and experimental results shown that the proposed sensor has high sensitivity, high dynamic range, and wide bandwidth that make it suitable to monitor static parameters such as force, pressure, and displacement.
II. FABRICATION AND SPECTROSCOPIC OF PDCF
A special design of Partially Doped Core Fiber (PDCF) with double layers core structure was done by the conventional modified chemical vapor deposition (MCVD) process followed by solution doping technique. The un-doped photosensitive layer is based on germano-silicate glass. The desired thickness and RI of the un-doped photosensitive layer was obtained after optimisation of the flow of SiCl 4 and GeCl 4 vapour in a mixture of gaseous reactants. The inner clad of SiO 2 -P 2 O 5 -F composition having the same refractive index of silica was made by adjustment of the flow of phosphoryl chloride (POCl 3 ) and dichlorodifluoromethane (CCl 2 F 2 ) with respect to the flow of SiCl 4 . After cladding layer, un-doped SiO 2 -GeO 2 photosensitive layer was deposited within 20/17 mm silica tube by the MCVD process. A pure silica glass tube with thickness of 1.5 mm was used for deposition of a single porous un-sintered SiO 2 soot layer to make the preform while maintaining a suitable deposition temperature at around 1450°C-1475°C. The deposited porous SiO 2 layer was dipped into an alcoholic solution of a mixture of suitable strength of AlCl 3 6H 2 O, ErCl 3 6H 2 O for about one hour to achieve efficient doping. After the completion of solution soaking, dehydration and oxidation processes were performed at temperature around 900°C-1000°C. Sintering of un-sintered layers was carried out using the conventional MCVD technique by slowly increasing the temperature from 1500 to 2000°C. Following the completion of sintering as well as oxidation, the tube was slowly collapsed to transform it into optical preform. The fiber was drawn from such fabricated preform at temperature of 2050°C into a spool of optical bare fiber with on-line dual coating resin.
The desired thickness around 2.75 micron of un-doped photosensitive layer and refractive index (RI) of the ring core was obtained after optimisation of the flow of SiCl 4 and GeCl 4 vapour in a mixture of gaseous reactants. The inner clad of SiO 2 -P 2 O 5 -F composition having the same refractive index of silica was made by adjustment of the flow of POCl 3 and CCl 2 F 2 with respect to the flow of SiCl 4 . The desired percentage of the central core area was doped with Er ion through solution doping process and the rest portion remain undoped having the same refractive index value. From fabrication point of view, the critical steps involve to maintain the same refractive index value throughout the whole core region with and without Er ions. Second, to achieve the thickness of photo-sensitive layer around 2.75 micron under control of the flow of SiCl 4 with respect to GeCl 4 along with the number of deposition passes as well as proper control of the burner speed. Third, another critical step involve the doping of Er ions only 8 to 9% of the total core region of the proposed design based optical fiber. The parameter of proposed design of dual core Er doped fiber is given below.
Experimentally the area of the doped region within the whole core is found from electron probe microanalyses (EPMA) of PDCF preform shown in Fig. 1 , where the elemental analyses obtained through scanning along the whole diameter of the fiber preform section. The elemental analyses of the partially erbium doped core fiber preform sample is mentioned below where yellow area shown in the plot describe the undoped photosensitive region and red area signify the actual doping region of Er 2 O 3 and Al 2 O 3 .
From the graph of EPMA of the fiber preform samples we are able to calculate the diameter of the whole core area and Er 2 O 3 doped core region. Theoretically the total core and the doped core region are also obtained from the calculated thickness of the un doped and doped core with respect to the desired flow rates of SiCl 4 , GeCl 4 against deposition of the sintered un-doped core layers and with respect to the flow rate of SiCl4, deposition temperature and the viscosity of the dopant precursor solution respectively.Theoretically the total core and the doped core region are also obtained from the calculated thickness of the un doped and doped core with respect to the desired flow rates of SiCl 4 , GeCl 4 against deposition of the sintered un-doped core layers and with respect to the flow rate of SiCl 4 , deposition temperature and the viscosity of the dopant precursor solution respectively. However the previous experimental process based on EPMA is found to be more accurate than the theoretical method. From EPMA analyses of such kind of erbium doped photosensitive fiber (EDPF) with double layers core structure, the total diameter of undoped photosensitive layer with doped layer is found to be around 9.5 micron Whereas the diameter of Er 2 O 3 doped core is found to be around 4.0 micron. So the thickness of photo-sensitive layer around the central doped core is found to be around 2.75 micron. The doping level of Er ions is found to be around 400 ppm. The compositions of un-doped photosensitive and doped layers are given in the following table.
We have studied the geometrical and optical characterization of such kind of erbium doped photosensitive fiber. RefractiveIndex profile of photosensitive erbium doped fiber is measured by Fiber Analyzer. The cross-section view and refractive index profile of the fiber is given in Fig. 2(a) and (b) respectively. The unit of y-axis is the refractive index difference with respect to pure silica glass.
The loss of such type of fiber is measured by cut-back method using Bentham Spectral attenuation set-up after splicing of the fiber with standard SMF and light is launched on such SMF. The spectral attenuation of the fiber is given in Fig. 3 .
By comparison with depressed cladding erbium doped fiber where the entire core region is doped with erbium having depressed cladding structure containing 3% Fluorine, 0.5% P 2 0 5 [17] . In PDCF structure the doped and undoped region was made with the same refractive index which serves as a whole core region. Here the active doped region is around 2.75 micron which become 40% of the total core region to get better overlapping of the Gaussian pump beam with the total active region. In this index profile structure, mode field distribution falls outside 60% remaining area of core region at the bending situation which gives rise more bending losses to show more sensitive compared to the depressed clad structure. Such structure will give more flexibility compared to the depressed clad structure proposed by [17] . From view point of fabrication as well as better overlapping of the fundamental propagation mode with the erbium doped region to get more bending sensitivity.
III. PRINCIPLE OF MACRO-BEND PDCF SENSOR
The overall loss in the macro-bend PDCF is represented by active bending loss and passive bending loss. Passive bending loss is related to macro-bending loss where the field distribution in the fiber is modified. On the other hand, the active bending loss relates to overlap difference of optical mode with the doped ions that will stimulate absorption and emission from erbium transitions. The effects of active and passive bending loss can be described by the coupled differential equation which is defined as follow [18] , [19] 
Eq.1 describes the evolution of pump power (Pp), signal power (Ps) and ASE (Pase) along the doped fiber. The passive bending loss effects is reflected by α P,s and the active bending loss effects is embedded in the overlap factor, (λ). Various mathematical models have been suggested to calculate the bending effects in optical waveguide [20] . Earlier references for bending loss at single mode fibers with step index profiles were developed by Marcuse [21] . According to Marcuse, the total loss of a macro bent fiber includes the pure bending loss and transition loss caused by mismatching between the quasimode of the bending fiber and the fundamental mode of the straight fiber [22] . The analytical expression for fiber bend loss α is expressed as follow [21] :
where e v = 2, a is the radius of fiber core, R is the bending radius, β g is the propagation constant of the fundamental mode, K v−1 (γ α) and K v+1 (γ α) are the modified Bessel functions. The values of k and γ can be defined as follows [23] :
For an optical fiber with length L, bending loss (α) is obtained by: α L = 10 log(exp(2αL)) = 8.68αL Eq. (3) agrees well with our earlier experimental results for macrobent single-mode fiber [24] , [25] . This mathematical model reflects what we introduce as passive bending loss in our model for macrobend PDCF.
The active bending loss is best reflected by the overlap factor, (λ) which is a measure of the portion of the optical mode which overlaps with the Thulium ion distribution that will stimulate absorption or emission from erbium transitions. The overlap factor equation is defined by [18] :
n T (r) and n T are transverse distribution profile (TDP) of doped fiber amplifier (DFA) and total dopant concentration per unit per length defined by [12] , [14] :
where n T,max is the value of the maximum erbium concentration per unit volume and r is the radial coordinate. Variables θ , β and δ represent dopant radius, the roll off factor of the profile and the radial position of the profile peak, respectively. |E(r, φ, λ)| 2 is the mode field intensity for guided mode. In order to calculate mode field intensity at different distribution profile in the bend fiber, the beam propagation method (BPM), was used. In BPM technique [26] , the bent fiber is defined as a straight fiber with modified reflective index distribution along the core axis x as follows: [27] 
The physical refractive index of the fiber will change after the bending. This stress-optic effect causes the material refractive index distribution to change as follows:
where n is the refractive index of the straight fiber, P 11 and P 12 are components of the elasto-optical tensor. By combining equation (7) and (8), the modified refractive index of the bent fiber is:
where R ef f is defined as: Fig. 4 displays an example of transversal mode field distribution of the fundamental mode when the doping radius is 2 μm and 4 μm (blue circles), core radius is fixed at 4 μm. To understand the longer wavelength suppression mechanism using macro bending approach, the transversal mode field distribution of the fundamental mode at two different wavelengths (1560 nm, 1800 nm) for both straight and bent fiber are investigated The transversal mode field distribution of straight fiber and bent fibers are shown at left and right columns respectively. The fiber used has a nA of 0.0927. Figs. 4(a) and (b) show the mode field distribution for LP01 mode at 1560 nm for the straight and bent fiber with doping radius of 4 μm, respectively. Fig. 4(c) and (d) show the same distribution for 1800 nm operation. It is found that the LP01 mode at shorter wavelength region of 1560 nm is not significantly affected as compared to 1800 nm region. This is attributed to the 1560 nm signal, which has a smaller MFD, calculated to be 13.971 μm, and thus the propagating light is tightly confined in the core. At 1800 nm, the MFD is 22.461 μm, which leads to poor light confinement [28] , [29] . Higher MFD at longer wavelength (c) 4 μm doped EDFA at 1800 nm (straight fiber), (d) 4 μm doped EDFA at 1800 nm (bent fiber), (e) 2 μm doped EDFA at 1560 nm (straight fiber), (f) 2 μm doped EDFA at 1560 nm (bent fiber), (g) 2 μm doped EDFA at 1800 nm (straight fiber), and (h) 2 μm doped EDFA at 1800 nm (bent fiber).
leads to higher bending loss as the fiber bending radius reduces. Fig. 4 (e) and (f) show the mode field distribution for LP01 mode at 1560 nm for the straight and bent fiber with doping radius of 2 μm. Fig. 4(c) and (d) show the same distribution for 1800 nm operation. The mode field distribution for 2 μm radius doped fiber in comparison with 4 μm radius doped fiber falls outside the doping area at the bending situation and suffers more due to active bending loss. Typical curve of (λ) for normal and bent conditions of PDCF with optimized core radius of 4 μm, for 4 μm and 2 μm doping radius are shown in Fig. 5 . The bending radius for 4 μm and 2 μm doping radius fibers was fixed at 0.5 and 15 cm respectively. In the simulation, dopant distribution profile parameters are set as θ = 2, β = 1.5 and δ = 0.1 for 2 μm doping radius. For 4 μm doping radius, dopant distribution profile parameters are set as θ = 4, β = 4 and δ = 0.8. Both the dopant distribution profiles are shown in Fig. 5 inset. The overlap between guided mode and doped region in normal fiber is higher compared to bent fiber. For 2 μm doping radius, the overlap factor reduces drastically at longer wavelengths. This is due to the larger MFD, which then reduces the overlap. The reduction in overlap factor at longer wavelengths is also observed in 4 μm doping radius but at a reduced slope. This is due to a larger doping region that allows greater overlap compared to the 2 μm doping radius fiber. The discontinuity at 480 nm and 800 nm is a result of transition of LP 12 and LP 11 higher order mode. In order to show the effect of Active Bending Loss (ABL) and Passive Bending Loss (PBL) the numerical model of PDCF for 4 μm and 2 μm doping radius fibers was developed. As described before, the overall loss in the bent PDCF is represented as Combined Bending Loss (χ P,s ) which is a combination of Active Bending Loss (γ P,S ) and Passive Bending Loss (α L ). In our numerical model the passive bending loss was calculated form equation 2 and the combined bending loss was calculated based on equation 1 by subtract the gain variation of straight and bent fiber. So the active bending loss can be calculated from γ P,S = χ P,s − α L . Figs. 6 and 7 illustrate the modeling and experimental results of χ P,s , γ P,S and α L losses for 4 μm and 2 μm doping radius respectively. The fiber length is set at 1 m and the wavelength is fixed at 1540 nm. At bending radius lower than 0.5 cm higher passive bending loss is achieved rather than active bending loss for 4 μm doped fiber. With agreement to Figs. 4 and 5, combined bending loss (χ P,s ) are mainly from passive bending loss (α L ) at larger doping radius. By decreasing the doping radius to 2 μm the active bending loss increase significantly to about 18 dB at 100 mm bending radius. The passive bending loss still remains zero at above 6 mm bending radius. The fiber combined bending loss is measured experimentally by subtracting the gain variation of straight and bent fiber in pumped situation. The passive bending loss was measured by measurement of loss in unpumped fiber. The good trend agreement between experimental and numerical results verifies the proposed model.
IV. EXPERIMENTAL SETUP
The basic configurations of the PDCF sensor used in this work are depicted in Fig. 8(a) and (b) , namely an amplifier and fiber laser respectively. The experimental setup was done based on [10] , [11] . In Fig. 8(a) the PDCF amplifier sensor is used as a single pass amplifier. The PDCF amplifier is pumped by a 980 nm laser diode operating at 50 mW. We measured the output signal using an OSA by changing the PDCF bending radius (R) using one calibrated metallic mandrill. In the reference position we measured the ASE and subsequently calibrate the sensor by changing the PDCF bending radius (R) using a calibrated compression setup. The main mechanism of sensing for proposed amplifier sensor is the longer wavelength suppression and gain shifting to shorter wavelength by bending the fiber. Since in standard EDF, the longer wavelengths are not suppressed, in PDCF the longer wavelength suppression process is improved and is used as the bending sensor. Another setup for the sensor is show in Fig. 8(b) , where the PDCF sensor used in a ring fiber laser. An optical 90%/10% splitter was used at the sensing system output to obtain a sample laser light and to connect the counter- propagating ASE power generated by the near end PDCF (90% port) in to the far end of PDCF. The polarizing isolator lets the central intense part of the pulse pass but blocks (absorbs) the low-intensity pulse wings. The net result is that the pulse is slightly shortened after one round trip inside the ring cavity, an effect identical to that produced by a fast saturable absorber. In other words, the polarization dependent isolator, working together with the birefringence fibers generates an intensitydependent loss mechanism in the cavity that contributes to mode-locked square pulse generation. The mechanism of sensing for proposed fiber laser sensor is the same as amplifier where the longer wavelength suppression leads to wavelength peak shifting to shorter wavelength. By increasing the bending radius, the higher fiber loss at longer wavelength shifts the lasing wavelength to shorter wavelengths. Fig. 9 shows the ASE spectrum level with respect to different mandrill radius (R). The optimize PDCF length was set 5 m long. When the fiber is unspooled, the emitted ASE spectrum gives an output wavelength that peaked at 1539 taken at an output power level of about −38 dBm. The peak power of the ASE spectrum remains constant when the PDCF mandrill radius decreases up to 20 cm. When the PDCF is being compress into smaller radius, the peak power level of the ASE spectrum, with the centre wavelength are changed. As can be seen from the Fig. 9 , the ASE power level decrease and peak wavelength of the ASE spectrum shift to shorter wavelength with the decrease of the EDF mandrill radius. The ASE power level from −38.0 dBm to −61.8 dBm as the spooling radius is reduced from 20 cm to 3 cm due to higher bending loss at smaller mandrill bending radius as expected from Fig. 5 . The dash line shows the peak wavelength variation as a function of bent radius. As expected from overlap factor spectrum (Fig. 6) as the spooling radius is reduced the longer wavelength suppression is increase due to higher MFD at longer wavelength. These phenomena lead the gain peak shift from 1538 nm to 1530 nm with respect to the decrease of the spooling radius from 20 cm to 3 cm. This is the principle of operation behind the ASE based PDCF sensor.
V. EXPERIMENTAL RESULTS AND DISCUSSION
We also analyzed the the PDCF amplifier loss variation comparing between bending and non-bending behavior at three different wavelengths of 1532 nm,1536 nm and 1540 nm as shown in Fig. 10 . The bending loss is the optical power measured without bending the PCDFA, minus the optical power measured at different mandrill radius (R). In this case, the DC-EDF was always pumped. The 980 nm pump power fixed at 70 mw and input signal power is −30 dBm respectively. The 8 m optimized length of PDCF is achieved at selected pump power. As expected from ASE spectrum major loss variation is for 1540-nm signal due to higher loss for higher MFD at longer wavelength. This bending radius variation range is a good choice to sensing static parameters such as forces, pressure and displacement. Observing Figs. 6 and 9, it is possible to affirm that the performance of the 1532 nm signal in terms of loss variation improves for a bending radius lower than 10 cm because the beam intensity more intense within the core. The loss variation of 30 dB for 8 m PCFA length obtained for 1540 nm signal in the range from 4 to 20 cm bending radius is better when compared with the best bending sensor introduced so far. For example in [10] and [11] , Rosolem et. al., showed the fiber loss variation of 43 dB for the bending radius range from 1.8 to 3.8 cm bending radius using depressed cladding erbium doped fiber amplifier.
The mode locked fiber laser PDCF sensor can be designed in the same rules of ASE PDCF sensor. Since the feedback loop shown in Fig. 4(b) provides enough ASE power, the ring laser will oscillate in the tuned locked frequencies. Fig. 11 shows some experimental tuned ring laser spectral lines of the laser sensor used in this work. In this case, the optimized PDCF length was 8 m long and spooled in a loop radius from 6 cm to 20 cm. As expected from ASE peaks variation the spectral operation is changed from 1539 nm to 1530 nm range. This phenomenon occurs due to higher MFD of longer wavelength and result of optical filtering at longer wavelengths.The relationship between the bending radius and the operating wavelength for Mode lock fiber laser and the amplifier peak power loss for amplifier sensor showed that, the laser operating wavelength locked to shorter wavelength exponentially with the increase of the bending diameter due to longer wavelength ASE suppression.
Finally, for the best of our knowledge, the comparisons between different EDFA structures namely normal EDFA, DC-EDFA and PDCF demonstrated in Table III . It is shown that the C-band operation, high threshold bending radius of 20 mm and high ranges of bending radius operation are the most eminent advantages of PDCF. In PDCF ASE based TABLE III COMPARISONS BETWEEN DIFFERENT EDFA STRUCTURES sensor, the ASE power level will change from −38.0 dBm to −61.8 dBm as the spooling radius is reduced from 20 cm to 3 cm is measured. The 0.25 dB/mm sensor sensitivity based on power loss is was achieved in PCDF amplifier. On the other hand, in DC-EDFA, ASE power level will change from −30.0 dBm to −5 dBm as the spooling radius is reduced from 20 cm to 3 cm. the sensor sensitivity of 35 dB/mm was achieved in DC-EDFA sensor. As expected from PCDF amplifier sensor peak variation, the mode lock fiber laser sensor spectral operation is changed from 1539 nm to 1530 nm range. The 0.7 dB/nm sensor sensitivity based on peak wavelength is was achieved in PCDF mode lock fibre laser.
Stability measurement of the fiber laser sensor from the PDCF is carried out within 60 minutes of observation time with an interval of 5 minutes between the measured outputs. This measurement is taken with the PDCF in spooled position. With an interval of 5 minutes, the output spectrum of the ASE is observed to be constant for the 60 minutes observation time. No significant variation is observed in terms of the output power and the output operating wavelength.
VI. CONCLUSION
In this paper, a novel Partially Doped Core Fiber (PDCF) for high sensitive bend sensor is proposed and demonstrated. The fabrication method of PDCF with un-doped outer region of about 9.5 μm and inner core region of about 4.00 μm with an Er 2 O 3 dopant concentration of 400 ppm is demonstrated. The mechanism of bending effect in proposed PDCF is explained. The amplifier PDCF B is pumped by a 980 nm laser diode. In the case of ASE based sensor, the ASE power level from −38.0 dBm to −61.8 dBm as the spooling radius is reduced from 20 cm to 3 cm is measured. The gain peak shift from 1538 nm to 1530 nm with respect to the decrease of the spooling radius from 20 cm to 3 cm due to higher bending loss at smaller bending radius as expected from overlap factor of PDCF is observed. As expected from ASE peak variation, the fiber laser sensor spectral operation is changed from 1539 nm to 1530 nm range. This is due to higher MFD of longer wavelength and result of optical filtering at longer wavelengths. The output of the ASE is also highly stable, with no observable variation in the power output over a measurement period of one hour.
